Twonew indolocarbazole alkaloids, TAN-999and TAN-1030A,were isolated from culture broths of Nocardiopsis dassonvillei C-71425 and Streptomyces sp. C-71799, respectively. Their structures wereelucidated on the basis of their reactions, spectroscopic analyses and in particular, comparison of spectral data with that of staurosporine.
Macrophages act as regulatory and effector cells in the host defense system. They are phagocytic and are potentially destructive to invading microorganisms and neoplastic cells.1>2) Thus, the activation of macrophage function by natural or synthetic substances is expected to be applicable for therapy ofmicrobial infection and cancer.
In our search for immunomodulators of microbial origin, three metabolites having macrophage-activating properties were found in culture broths of two actinomycetes isolated from soil samples. One is a metabolite of Nocardiopsis dassonvillei C-71425 and is designated TAN-999.
The other two, TAN-1030A and staurosporine, 3'4) are metabolites of Streptomyces sp. C-71799. TAN-999 and TAN-1030A
are new alkaloids belonging to the staurosporine family ( Fig. 1) . 
Materials and Methods

Taxonomic Studies
Culture characterization was carried out following the International Streptomyces Project procedure. 5)
The color recorded for the mature culture was described according to the Color Harmony Manual.6) Cell analysis was performed by the method of Hasegawa et al.n) Scanning electron microscopy was conducted by the method of Tanida et al. 8) Fermentation A loopful of strain C-71425 or C-71799 grown on mature slant culture was inoculated into a 2-liter NOV. 1989 Sakaguchi flask containing 500ml of a sterile seed medium. The flask was shaken on a reciprocal shaker at 28°C for 48 hours. The seed medium consisted of glucose 2%, corn steep liquor 1%, soybean flour 1%, peptone 0.5%, NaCl 0.3% and CaCO3 0.5%. Five hundred ml of the seed culture were transferred to a 50-liter fermenter containing 30 liters of the same medium, and the fermentation was carried out at 28°C for 48 hours with aeration of 30 liters/minute and agitation of 280rpm. Six liters of the seed culture were transferred to a 200-liter fermenter containing 120 liters of a production mediumconsisting of glucose 0.5%, dextrin 5%, soybean flour 3.5% and CaCO3 0.7%. The fermentation was carried out at 28°C with aeration of 120 liters/minute and agitation of 120 rpm.
Isolation of TAN-999 (1) The culture broth (110 liters) was adjusted to pH9, EtOAc (110 liters) was added, and the mixture was stirred for 1 hour. After filtration using Hyflo-Super Cel, the aqueous layer was discarded. The extract was washed with water (25 liters) and concentrated. The residue was chromatographed on a column of silica gel (50 g) eluting with EtOAc -MeOH(9 : 1). The active fractions detected by morphological changes in Mm1 were left standing at 4°C to afford pale yellow crystals of 1 (1.1 g).
Isolation
of TAN-1030A (2) The culture broth (35 liters) was filtered using HyfloSuper Cel and the mycelium was extracted with acetone (15 liters). The extract was concentrated to remove the acetone, and the concentrate (6 liters) was extracted with EtOAc (3 liters x 2) after addition ofNaCl (500g). The extract was washed with water (1.5 liters) and concentrated. The residue was chromatographed on a column of silica gel (125 g) eluting with EtOAc-MeOH(9 : 1). The active fractions were concentrated and again chromatographed on silica gel (50g), this time eluting with EtOAc. The active fractions were concentrated to give a crude powder of 2 (1.07g). The crude powder was purified by silica gel column chromatography (50g) eluting with CHCl3-MeOH(49 : 1). The bio-active fractions were concentrated and crystallized from CHCl3 -MeOH to give colorless crystals of 2 (HOmg).
Hydrogenation of 2 to 3 Compound 2 (72mg) in 60% aqueous acetic acid was hydrogenated over Pt-black (25mg) at room temperature. The catalyst was filtered off and the filtrate was evaporated. EtOAc (30ml) was added to the residue, and the mixture was extracted with 0.05 n HC1(25 ml x 4). The aqueous layers were combined, adjusted to pH 9.4 and extracted with EtOAc (50ml x 3). The extract was washed with a saturated aqueous solution of NaCl, dried over Na2SO4and concentrated. Adding Et2O to the residue gave a powder of 3 (53mg).
[a]D +90.4°(c 0.28, CHC13); XH NMR (CDC13) S 9. Acetylation of 3 to 4 Ac2O (0.3ml) was added to a solution of 3 (30mg) in pyridine (0.6ml), and the mixture was left standing at room temperature for 3 hours. The reaction mixture was diluted with EtOAc (20ml) and washed with 0.05n HC1(20mi x 2) and a saturated aqueous solution of NaCl successively. The solution was evaporated to dryness and adding Et2O to the residue gave a powder of4 (28mg). '12) was purchased from the American Type Culture Collection (ATCC). J774A.1 was cultured with RPMI-1640medium containing 10% FCS. They were incubated at 37°C in an atmosphere of 5% CO2in air. Growth of these cells was measured by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) reduction assay.13)
Scanning Electron Microscopy
Mm1 cells were cultured with each metabolite on coverslips for 2 days. Then, monolayers of the cells on the coverslips were fixed with 2% glutaraldehyde in phosphate-buffered saline (PBS; Ca+ + and Mg++ free) for 1 hour and then in 1% osmium tetroxide in water for 1 hour. The fixed Mm1 cells were dehydrated in graded ethanol, critical-point dried in liquid CO2, and coated with gold. The specimen was then viewed with a scanning electron microscope (Hitachi model S-570). 
Assay for Phagocytosis
Assay for Fey Receptor
Fey receptors on the surface of Mm1 or J774A.1 cells were detected by the EA rosette assay.14)
Sheep red blood cells (SRBC) coated with anti-SRBC IgG (EAy complexes) were prepared by incubating 4 volumes of SRBCin PBS at 5.0x 108/ml with one volume of a 1/10,000 dilution of the purified IgG fraction of rabbit anti-SRBC at 37°C for 30 minutes. Mm1 or J774A.1 was cultured with each metabolite for 2 days and was adjusted to 2.0 x 107 cells/ml, and the suspension was incubated with the EAy complexes (2.0 x 107/ml) at 0°C for 90 minutes. Cells in the microscopic fields with five or more adherent complexes were counted as Fcy-receptor mediated rosettes.
Assay for #-Glucuronidase Activity /?-Glucuronidase activity was determined by hydrolysis of phenolphthalein-mono-/?-glucuronic acid at pH4.5.15) Two-day cultures of Mm1 (1.0x 106) in a tissue culture dish (10cm i.d., Corning Co., U.S.A.) with each metabolite were washed with HBSS, and the adherent cells were lysed with Triton X-100. The cell lysate was centrifuged at 2,500 xg for 10 minutes, and the supernatant was used as the enzyme source. The amount of protein in the supernatant was estimated with the Bio-Rad Protein Assay Kit.
Macrophage Experiments in Mice Female C57BL/6 CrSlc inbred mice 7 weeks of age were purchased from Shizuoka Laboratory Animal Center, Japan. One ml of 10% Proteose-peptone (PP) in saline was injected ip. The peritoneal exudate cells (PECs) were harvested 96 hours after injection by rinsing the peritoneal cavity with cold Eagle's MEM containing 10%FCS. The PECsuspension was transferred to a borosilicate glass culture tube (6 x 50mm,Kimble, U.S.A.) and incubated for 2 hours at 37°C in an atmosphere of 5% CO2in air. The PECs were then washed twice with pre-warmed mediumto remove non-adherent cells (2.0 x 105 adherent cells/tube). The adherent macrophages were incubated with each metabolite for 2 days under 5%CO2.
The cells were then washed twice with HBSS.
In vivo modulation of peritoneal macrophages with these metabolites was carried out as follows. One ml of 10% PP in saline was administered ip and each metabolite was injected ip 72 hours later. Twentyfour hours after the second injection, PECswere harvested. Three mice were used for each dose of the metabolites, and the PECs from the mice receiving the same dose were mixed together. The PEC suspension was transferred to a borosilicate glass culture tube and incubated for 1 hour under 5%CO2. The PECs were washed twice with pre-warmed medium to remove non-adherent cells (1 x 105 adherent cells/tube).
Respiratory Burst of Peritoneal Macrophages
The phagocytosis-dependent respiratory burst in mouse peritoneal macrophages was evaluated by measuringthe chemiluminescenceresponse using luminol. Thestandard reaction mixture contained the peritoneal macrophages described above, 5 x 10"7 m luminol and 1 mg/ml opsonized zymosan (OPZ) in a total volume of 100pi in a glass culture tube. The reaction was initiated by the addition of the OPZ, and the chemiluminescence was measured for 8 minutes with a luminometer (Picolite model 6106, Packard, U.S.A.) Chemicals Eagle's MEM,RPMI-1640 medium, HBSSand FCS were obtained from Whittaker M. A. Bioproducts, Inc., U.S.A. GIT medium was purchased from Nippon Seiyaku Co., Japan. The serum was inactivated by heating at 56°C for 30 minutes prior to use. The SRBCand anti-SRBC antibody were purchased from Cooper Biomedical, Inc., U.S.A. Other materials and their sources were as follows: Phenolphthalein-mono-/?-glucuronic acid (Sigma Chemical Co., U.S.A.); luminol (Wako Chemical Co., Japan); OPZ (ZAP, Packard Instrument Co. Inc., U.S.A.); PP (Difco Labs., U.S.A.).
Results
Taxonomyof the Producing Organism
Strain C-71425 was isolated from a soil sample collected in Tottori Prefecture, Japan. Cell analysis of the strain showedthe presence of m^o-diaminopimelic acid. Galactose and ribose were present but madurose, xylose, galactose and arabinose were not present in whole-cell hydrolysate. Accordingly, the cell wall type of strain C-71425 is chemotype III/C. Each spore chain of this strain consists of about 20 spores. The spores are cylindrical and have a smooth surface (Plate 1A). The vegetative mycelia of the strain grown in liquid medium divide into rod-shaped, irregular and branching fragments. Sporangia and flagellated spores are not observed. These characteristics of strain C-71425 indicate that it belongs to the genus Nocardiopsis. The cultural and physiological characteristics of the strain are shown in Table 1 . In Plate 1. Scanning electron micrographs of the spores of strains C-71425 (A) and C-71799 (B).
The organisms were cultured on ISP-2 agar for 1 week at 28°C (bar, 1 /mi). comparison with knownspecies in the genus Nocardiopsis, strain C-71425has characteristics similar to N. dassonvillei16) and is thought to be the same species. Therefore, the strain is designated N. dassonvillei C-71425.
Strain C-71799 was isolated from a soil sample collected in Okinawa Prefecture, Japan. Cell analysis of the strain showed the presence of LL-diaminopimelic acid, and it was classified as chemotype I/NC. The strain forms straight and flexuous mycelia and forms spore chains which consist of about 20 spores each. The spores are cylindrical and have a smooth surface (Plate IB). The color of the mature sporulated aerial mycelium is in the Gray series. These characteristics of strain C-71799 indicate that it belongs to the genus Streptomyces. The cultural and physiological characteristics of strain C-71799 are shown in Table  1 . Further studies are needed to determine the taxonomical niche of strain C-71799.
Production and Isolation TAN-999was produced by cultivating strain C-71425. The amount of TAN-999 in the culture at 90 hours reached about 50^g/ml. TAN-1030Awas produced by cultivating strain C-71799, and the amount of the metabolite reached a maximum(15/xg/ml) at about 140 hours. Staurosporine was also produced TAN-999 (1) and TAN-1030A (2) are fat-soluble compounds. Therefore, purification was carried out by extraction with EtOAc, column chromatography using silica gel and crystallization. The active fractions were detected by morphological changes in Mm1 cells and TLC. The physico-chemical properties and mobilities of 1 and 2 are summarized in Tables 2 and 3 . The molecular formulae of 1 and 2 were determined on the basis of the elemental analyses, the molecular ion peaks in the mass spectra and the carbon numbers in the 13C NMR spectra. The UVabsorption spectra suggested 1 and 2 have a chromophore similar to the indolocarbazole moiety in staurosporine.
Structural Elucidation *H and 13C NMRdata are summarized in Tables 4 and 5 . The signals were assigned based on 2D NMRexperiments, such as WHcorrelation spectroscopy (COSY),^-"C COSY, long range^-^C COSY( Fig. 2) and nuclear Overhauser and exchange spectroscopy (NOESY). When the 1H NMRspectrum of 1 was compared with that of staurosporine, an aromatic proton found in staurosporine was lacking and a methoxy signal at 3.95ppm was observed in 1. A long range coupling was found between the methoxy protons and C-10 (Fig. 3) . Further observation of NOEbetween the methoxy protons and 9-H or ll-H (Fig. 3) indicated that the methoxy group is bound to the 10-position. Thus 1 was determined to be 10-methoxy staurosporine.
The difference in 2 and staurosporine was found at the 3'-position.
Comparing the 13C NMRspectra, a methine signal at 49.98ppm in staurosporine collapsed to a quaternary carbon at 145.12ppmin 2. In addition the TV-methyl signal at 33.19ppm found in staurosporine was absent. In the XHNMRspectra, instead of the A^-methyl signal at 1.44ppm observed in staurosporine a proton signal exchangeable with D2Owas observed at 10.45ppm in 2. A long range coupling was found between the D2Oexchangeable proton and C-3' (Fig. 3) . These data suggested 2 has an oxime function at the 3'-position. Upon hydrogenation using Pt-black, compound 2 gave an amino derivative (3) which was acetylated with NOV. 1989 Ac2O-pyridine to compounds (Fig. 4) . These chemical reactions confirmed the presence of an oxime function in 2. Thus the chemical structure of 2 was determined as shown in Fig. 1 .
Biological Activity TAN-999induced spreading of Mm1 cells. WhenTAN-999was added to a culture of Mm1 at the concentrations of 1.3 to 78 ng/ml, more than 50% of the cells drastically elongated. In the control culture without the metabolite, less than 5%of the cells elongated. TAN-1030Aalso induced spreading of Mm1 cells at concentrations of 78 to 625 ng/ml (Fig. 5) . The elongated cells, like activated macrophages, formed (A) Drug free, (B) TAN-999 at 2ng/ml, (C) magnification of (B). Mm1 cells were cultured with the metabolite for 2 days at 37°C (bar, 2/mi). thin lamellipodia and numerous microvilli and were clearly different from most of the cells in the control culture having a round shape with many blebs (Plate 2). Staurosporine induced spreading of the cells at 1.3 to 39ng/ml, but itwas more toxic to Mm1 than TAN-999. In addition, compounds 3 and 4 ( Fig. 4) induced similar changes in morphology of Mm1 at 1.3 and 50ng/ml, respectively (data not shown). Phagocytosis of exogenous particles is an essential function of macrophages. To clarify the effect of these metabolites on the phagocytic activity of macrophages, further studies using murine macrophage cell lines were carried out. When TAN-999 at 5 ng/ml was added to a culture of Mm 1, the number of phagocytic cells ingesting latex Mm1 and J774A.1 cells were cultured with these metabolites for 2 days at 37°C under 5% CO2. PECs were harvested 96 hours after administration of PP. The adherent macrophages were obtained by removing non-adherent cells from the PECs and were incubated with these metabolites for 2 days under 5% CO2. The phagocytosis-dependent respiratory burst was induced by adding opsonized zymosan and was evaluated by measuring the chemiluminescence response with luminol. Each experiment was performed in duplicate and the photon counts were averaged.
a Chemiluminescence (photon counts) for 8 minutes of the drug-free control was 14,900. Mice received these metabolites 24 hours before PECs were harvested. The respiratory burst was measured by the method described in the footnote of Table 7 . Each experiment was performed in duplicate, and the photon counts were averaged. a Chemiluminescence (photon counts) for 8 minutes of the control was 21,900.
particles reached about 9 times that in the control culture (Table 6) . A similar effect was obtained when TAN-999 was added to a culture ofJ774A.1, a cell line which is highly phagocytic. These results indicate that TAN-999 augments phagocytic activity of these murine macrophage cell lines. TAN-1030Aand staurosporine also increased the number of phagocytic cells in these cell lines.
Since several functions of macrophages are mediated by Fey receptors on their surfaces, the effect of these metabolites on the expression of the Fey receptors of Mm1 and J774A.1 was examined. TAN-999 at a concentration of 5ng/ml increased the EAy-rosette formation of Mm1 cells to 4 times that of the control. The metabolite also significantly enhanced the rosette formation of J774A.1 (Table 6 ). These results indicate that TAN-999augments the expression of Fey receptors on the surface of the murine macrophage cell lines. TAN-1030Aalso enhanced the expression of Fey receptors at 50 to 100 ng/ml, and similar results were obtained in the presence of staurosporine at 1 to 2ng/ml. /?-Glucuronidase, a lysosomal enzyme, is an important marker for macrophage functions against bacterial infection. TAN-999increased the activity of this enzyme. Whenthe metabolite was added to a culture of Mm1 at 1 ng/ml, the enzyme activity increased 1.4 times. Since the enzyme activity was normal level in the presence of TAN-999at 5 ng/ml, the metabolite at high concentrations seems to inhibit lysosome function in Mm1 cells. A significant increase in the enzyme activity was also observed in the presence of TAN-1030A (Table 6 ). Staurosporine scarcely increased the enzyme activity.
Since a respiratory burst was scarcely detected in Mm1, the effects of these metabolites on the phagocytosis-dependent respiratory burst in mouse peritoneal macrophages was investigated. When PP-elicited peritoneal macrophages from C57BL/6 mice were incubated with TAN-999 or TAN-1030A, the respiratory bursts in these macrophages were enhanced. The enhancement by TAN-999occurred at concentrations of 0.01 to 1 ng/ml and reached a maximumat 0.1 ng/ml (2 times higher than the drug-free control).
An increase in the respiratory burst in the macrophages also occurred in the presence of TAN-1030A at concentrations of 1 to 10ng/ml (Table 7) . Similar results were obtained by adding staurosporine at 0.01 to 0.1 ng/ml. Whenless than 1/10,000 of the lethal doses of the metabolites were injected ip 24 hours before harvesting peritoneal cells, the peritoneal macrophages showed a greatly enhanced phagocytosis-dependent respiratory burst. The increase in respiratory burst occurred with 0.005 to 0.05fig/kg of TAN-999 and with 0.5 to 5jug/kg of TAN-1030A (Table 8 ). These results indicate that these metabolites modulate macrophagesto an activated state in mice. Peritoneal macrophagesfrom staurosporine treated mice showed an increase in respiratory burst only at 0.05 /xg/kg.
Discussion
Due to their phagocytic function and their ability to secrete certain effector molecules, macrophages contribute to the host's ability to protect itself against invasion by microorganisms and against development of tumors. Our present results show that TAN-999and TAN-1030Aenhance non-specific phagocytic activity and the expression of Fey receptors in murine macrophagecell lines. These metabolites also increase lysosomal enzyme activity in these cells. Moreover, phagocytosis-dependent respiratory burst in mouse peritoneal macrophages was stimulated by TAN-999and TAN-1030Ain vitro and in vivo. These findings imply that these microbial metabolites mayaugment macrophage functions in animal and human bodies, resulting in the potentiation of defense mechanisms against infection and tumor development in these hosts. In preliminary experiments, the growth of B16 melanoma in syngeneic C57BL/6 mice was inhibited by ip pretreatment with TAN-999 (data not shown).
Staurosporine is a potent inhibitor of protein kinases,17'18) especially protein kinase C. TAN-999 also inhibits protein kinase C (Dr. Kozai of our Central Research Division; unpublished data). Moreover, we found that genistein, an inhibitor oftyrosine kinase, 19'20) induced spreading ofMm1 cells and enhanced the respiratory burst in mouse peritoneal macrophages. These facts suggest that the activation of macrophages is regulated by protein kinases. Specific inhibitors of protein kinases are expected to act as macrophage activators which could protect against tumor development and microbial infection.
